Insulin promotes sodium transport but suppresses gluconeogenesis via distinct cellular pathways in human and rat renal proximal tubules.
Insulin is known to promote sodium transport and regulate gluconeogenesis in renal proximal tubules. Although protein kinase B (also known as Akt) and mammalian target of rapamycin complexes (mTORC) have been established as key regulators in the insulin signaling pathway, their roles in proximal tubules are poorly understood. To help define this, we examined the components of insulin signaling in sodium transport and gluconeogenesis in isolated human and rat proximal tubules, and also investigated the role of insulin in sodium handling and mTORC1 in insulin signaling in vivo. In isolated human and rat proximal tubules, Akt and mTORC1/2 inhibition suppressed insulin-stimulated sodium-bicarbonate co-transporter 1 (NBCe1) activity, whereas mTORC1 inhibition had no effect. Akt2 and mTORC2 gene silencing largely inhibited insulin-stimulated NBCe1 activity, whereas silencing of Akt1 and mTORC1 had no effect. Furthermore, insulin decreased sodium excretion, and this effect depended on phosphoinositide 3 kinase in vivo. Moreover, insulin reduced glucose production in rat proximal tubules and the expression of gluconeogenic genes in human and rat proximal tubules. Akt and mTORC1 inhibition largely abolished the observed insulin-mediated inhibitory effects. Gene silencing of insulin receptor substrate 1 (IRS1), Akt2, mTORC1, and mTORC2 also abolished insulin-mediated inhibition of gluconeogenesis. Additionally, in vivo, mTORC1 inhibition abolished insulin-mediated inhibitory effects in rat proximal tubules, although not in liver. These results indicate that insulin-stimulated proximal tubule sodium transport is mediated via the Akt2/mTORC2 pathway, whereas insulin-suppressed proximal tubule gluconeogenesis is mediated via the IRS1/Akt2/mTORC1/2 pathway. Thus, distinct pathways may play important roles in hypertension and hyperglycemia in metabolic syndrome and diabetes.